/ 4 site depletion gives the kagomé net ( Fig. 1 a) ; 1 / 7 the maple leaf net (Fig. 1b) , and so on. The first members of this series of trigonally symmetric networks are shown in ESI Figure S1 . Although trigonal symmetry can be important for 2-D spin frustration, it is not a guarantee of a non-bipartite lattice. phase. Adjusting the synthetic conditions proved more fruitful and the yield of 3 was increased from a few crystals to an extractable and manageable quantity (~10 mg).
Introduction
The properties of all functional electronic materials are determined by their composition and their structure. It is an ultimate goal for materials scientists to form new materials with such precise structural control as to give completely predictable electronic properties. Fortunately this ambition remains largely beyond our grasp, allowing synthetic chemists the frequent pleasure of surprise in what they may make.
However, there are many important structural features which are amenable to some level of control such as the characteristic dimension of a material which has implications for many physical properties. One way to control dimensionallity is to build materials from components with different characters, typically in which the nature of electron-electron interactions varies greatly, and in which it is possible to physically segregate these parts on a microscopic level. Such a spatial confinement can be achieved in composite or hybrid materials in which characteristic "organic" and "inorganic" parts are well separated. [1] This is one reason for the current interest in metal-organic frameworks (MOF's). [2] In magnetic materials it is not only the dimensionality [3] of the coupled network, but also the specific network topology and the strength and sign of all coupling interactions that are key to the nature of any cooperative magnetic behaviour. [4] The family of double layered hydroxides are a very important group of structures both scientifically and commercially. They are based upon the brucite structure of Mg(OH) 2 , which has very strong intralayer interactions and much weaker interlayer interactions, as evidenced by the capacity of members of this family to intercalate small molecules, swelling the interlayer separation. [5] Structural modifications come in a number of varieties: i) the hydroxyl group can be replaced by some other type of ligand capable of a µ 3 -bridging coordination. Examples range from alkoxides, [6] to the exchange for an 4 oxygen atom from a [(Si 2 O 5 ) n ] 2n+ silicate layer, as seen in the smectite mineral group. [7] ii) The 4 is a proto-typical mineral in this family, [8] but its is also possible to form all sorts of variants including the incorporation of metal tris-oxalate counter ions. [9] iii) A third family is created by the removal of some M II ions. In this case it is very common for the vacancy to be decorated by a tetrahedral coordinated M II ion on either side of the layer. This is the case for a small group of basic zinc hydroxide minerals, including; namuwite [10] and ramsbeckite, [11] and an increasing number of complex cobalt hydroxides. [12] [13] [14] [15] [16] [17] From a magnetic perspective the brucite structural family offer an interesting prospect to find exotic new behaviour. In brucite itself the metal ions are arranged in a triangular lattice, and site substitution, or depletion, that preserves a trigonal symmetry can result in other potential geometrically frustrated networks. [18] In fact it is only possible to construct trigonally symmetric super-cells that include; 3, 4, 7, 9, (Fig. 1b) , and so on. The first members of this series of trigonally symmetric networks are shown in ESI Figure S1 . Although trigonal symmetry can be important for 2-D spin frustration, it is not a guarantee of a non-bipartite lattice.
The type of magnetic behaviour seen in these site depleted triangular lattice materials depends upon the nature of all the coupling interactions. Antiferromagnetic couplings within a layer can result in 2-D spin frustrated behaviour, with strongly non-colinear ground state configurations. However, some ferromagnetic intralayer interactions can result in ferri-or ferro-magnetic intralayer order. In these cases the nature of the interlayer interaction is crucial to the ground state configuration. If positive we expect an overall ferri-or ferromagnetic ground state, if negative we expect an antiferromagnetic ordering, with transition to a metamagnetic state above some critical field, H c . [20] We present here the synthesis, structure and magnetism, of three new complex cobalt hydroxide oxalates. increased from a few crystals to an extractable and manageable quantity (~10 mg).
We believe that there may be a correlation between the "ease of synthesis" and the role of the Na + and K + cation in the respective structures.
Crystal Structures
The structures were determined by single crystal X-ray diffraction. See Table 1 and Experimental Section for measurement, solution and refinement details.
Structure of 1.
The compound Co 12 (OH) 18 As with 1, the cobalt/hydroxide layer (type 1) is based on the brucite structure, although here we see a periodic loss of three out of every nineteen cobalt ions from the octahedral sites within the layer, giving the network structure shown in Figure 1d .
These layer defects occur in groups of three centred about the three-fold crystallographic axis at ( hydrogen-bonded to hydroxyl groups in the structure (Fig. 4 , Table 3 ). In addition Br(2) forms an ion pair with the alkali metal ion; Br-Na 2.989(9) [Br-K 3.048 (5) The trigonal symmetry creates a triangle of Co(8) coordination polyhedra, that all share the hydroxyl group, O(18) and its symmetry equivalents (Fig. 5a ). In this region of the structure we find a number of significant peaks in the Fourier difference map.
There are two nearby peaks on the trigonal axis, which corresponds to essentially monatomic µ perspective, it seems most likely that Co (8) (24) occupancy is greater than the probability of Co (8) site vacancy, and so an oxygen atom exists on approximately the same site for the two different structural scenarios ( Fig. 5c and 5d ).] The apical coordination of Co(8A) and Co(8B) is achieved by fixing O (27) and O(28) in idealized geometries. The only remaining significant peaks in the Fourier difference maps appear near the middle of the void space; A (see Fig. 3c ). While it is likely that there are water molecules in this space, they are not well defined, with large thermal parameters. From symmetry considerations these two sites (O (25) and O(26)) must be no more than one third occupied and are constrained to equal this value in the model.
Magnetism
The magnetism of derivatives of these so-called double layered cobalt hydroxides has received much attention. As with these related compounds, [12] [13] [14] [15] [16] [17] In the present case inequalities in coupling strength and the possibility of ferromagnetic interactions are more likely to result in ferrimagnetic ordering.
Magnetism of 1.
D.C. measurements. (per mole of Co ions). This corresponds to about one quarter the value expected for a ferromagnetic alignment of all Co ion moments (calculated using the average g-value determined from the high temperature susceptibility data).
Hysteresis measurements at 6 K, between ±50 kG, show a classic metamagnetic profile (Fig. 7c) . There is some hysteresis involved in overcoming the weak antiferromagnetic interaction, consistent with a first order magnetic phase transition.
The derivative curve (Fig. 7c insert) shows a shift of ~400 G in the transitions between the two directions of travel (H increasing vs H decreasing). We observe a remnant magnetisation of 240 G cm 
Magnetostructural considerations.
The structure of 1 can be broken down into seven important exchange interactions: J 1 , J 2 and J 3 describe the coupling interactions in the cobalt hydroxide net formed from the octahedrally coordinated Co II ions in the type 1 layer (Fig. 9a) . This simplified approach makes no account for the different moments for different ions. But typically octahedrally coordinated high-spin Co(II) have larger orbital contributions than tetrahedrally coordinated Co(II), and thus we would expect a saturation magnetisation for the (-, +, +, -) structure (Fig. 9b) 
Magnetism of 3.
At Zhang. [17] There is no doubt that the structural complexity of 3 will make a complete understanding of its magnetic properties very challenging. Together these compounds extend the family of known materials derived from a decorated brucite structure. The preservation of trigonal symmetry while aesthetically pleasing is only likely to be important with regard to spin frustration in other derivaties of these materials. The observed structures are directly related to the templating effects of both the coordination networks and interstitial ions. These inform our general understanding of local and global structures in the family of double layered hydroxides, and reinforce the vital role of anion templating of local defects from an idealised brucite structure. 
Conclusions

Experimental Section
Synthesis of 2.
The synthesis of 2 was performed under similar conditions to that described for 3 (see below). However in the synthesis of 2, NaBr and Na 2 (ox) were used in place of KBr and K 2 (ox)(H 2 O). The synthesis of 2 is less efficient than the corresponding synthesis of 3, and only very small quantities of fine blue hexagonal crystal were produced amongst much larger quantities of recrystallised NaBr and Na 2 Co 2 (ox) 3 
The characterisation of 2 was limited to single crystal diffraction studies. 2 , H 2 O) in a boiling tube provides a suspension, out of which the product 3 settles much more quickly than the impurities, which can then be removed by decanting. Addition of more water, and repetition of this process yields a small sample of 3. Optical microscopy shows an apparently pure and homogeneous product. This homogeneity in shape and size and composition of the crystallites that make up the product is also seen in the SEM and EDX measurements.
Synthesis of 3.
IR (ATR, ν cm 
X-ray Crystallography
Data for all structures were collected on an Enraf Nonius Kappa CCD using Mo-Kα radiation, as φ scans and ω scans to fill the Ewald sphere. Data collection, cell refinement and data reduction were carried out using COLLECT [32] and DENZO. [33] The structure solutions were obtained by direct methods (SHELXS-97 [34] ) and a full-matrix least-squares refinement on F 2 was performed on all reflections by SHELXL-97 [34] in the WINGX environment. [35] In view of the limited data quality obtained from these very small, structurally anisotropic crystals, a number or chemically sensible restraints and constraints were applied.
Crystallographic 
Refinement details for 1.
Only cobalt atoms were refined anisotropically while all other non-H atoms were refined isotropically. The atoms C(2A) and C(2B) from the piperazine had their thermal parameter constrained to be equal, as did the three independent atoms of the oxalate anion; O(4), O(5) and C(1). All C-C and C-N bond distances in the piperazine were restrained to ideal values. All H atoms were placed in ideal geometries with thermal parameters fixed at 1.2 × U iso the parent atom and refined in riding mode.
General refinement details for 2 and 3.
A number of restraints and constraints were applied in order to best resolve this complex and partially disordered structure. While the thermal parameters of similar groups of atoms were constrained to the same values, the two structures were treated slightly differently due to differences in data quality. The better quality data for 2,
allows a meaningful refinement of more model parameters than could be achieved for
3.
Otherwise both structural models were very similar and subject to many of the same restraints and constraints. All H atoms were placed in idealized geometries, with occupancies equal to that of the parent atoms, isotropic thermal parameters fixed at 
Specific refinement details for 2.
All Co atoms were refined with anisotropic thermal parameters, except the partially occupied sites Co(8A) and Co(8B), for which a single isotropic thermal parameter was refined. The anisotropic thermal parameters of the tetrahedral ions Co(3) and Co(7) were constrained to be equal. The atoms of the oxalate anions had their thermal parameter constrained to be equal, as did all the oxygen atoms from hydroxyl groups.
The oxygen atoms; O (25) and O(26) (water of crystallisation) had their isotropic thermal parameters refined freely.
Specific refinement details for 3.
All K, Br and Co atoms had their isotropic thermal parameters refined freely, except the tetrahedrally coordinated cobalt atoms; Co(3), Co(7), Co(8A), Co(8B), which were constrained to be identical. All atoms in the oxalate and hydroxyl anions, and water (coordinated to Co) were constrained with the same isotropic thermal (per Co)). Static (dc) measurements were performed between 2 -290 K in several applied field using a FCM protocol. Initial magnetisation curves were obtained from samples that were cooled in H = 0 G, and then the field swept up to 55 kG for a range of temperatures. Hysteresis curves were obtained between ±55 kG.
Dynamic (ac) measurements were performed using a oscillating field amplitude of 3.5
G and a frequency of 103 Hz, an H dc offset field was varied between 0 -800 G. 
